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)-(+)-lavandulyl senecioate (LS), the respective








 (Signoret) (Homoptera: Pseudococcidae) was investigated. Attraction to the
pheromones was tested by employing pheromone traps in field trials and by static air olfactometer
bioassays in the laboratory. Female wasps showed a significant response to LS, in both field and













(LI), no significant response to the latter compound was observed. It seems that differences between
the structures of the carboxylate moiety of the respective molecules (LS and LI) markedly affect the









 was neither influenced by the host habitat nor by the host species on which it developed. This suggested








, possibly derived from evolutionary relation-
 








Parasitic wasps have been shown to be attracted by their
host pheromones, and kairomonal responses to sex,
aggregation, epideictic, and alarm pheromones have been
demonstrated (see review in Powell, 1999). Sex pheromones













 Mercet (Powell, 1999; Bruni et al., 2000;
Reddy et al., 2002; Fiaboe et al., 2003) and larval/pupal













1999). Sex pheromones of aphids are utilized as kairomones












 spp. (Powell, 1999;
Birkett & Pickett, 2003; Powell & Pickett, 2003). The


























respectively, also respond to their host sex pheromone
(Dunkelblum, 1999; Powell, 1999).
During a study in vineyards in southern Portugal in




 s.l. (i.e., in the broad
sense, see Triapitsyn et al., 2007) (Hymenoptera: Encyrtidae)
were captured in traps baited with the sex pheromone of





Pseudococcidae) (JC Franco, EB Silva & Z Mendel,




 to similar lures has





 is a solitary koinobiont endo-
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Copland, 1997), and it has been used in classical biological
control programmes and augmentative releases to





ptera: Pseudococcidae) (Noyes & Hayat, 1994). Although
approximately 30 mealybug species belonging to 11 genera













 (Noyes & Hayat,
1994; Daane et al., 2006). Based on the colouration of
the first funicular segment (F1) of the female antenna,





 (Rosen & Rössler, 1966; Noyes & Hayat,
1994). Recently, Triapitsyn et al. (2007) showed, on the
basis of morphological and reproductive compatibility



















 Except for the colouration of F1 of the









 are the most economically
important species of the genus and therefore have been





 is a major pest in many grapevine-
growing regions. It is native to the Mediterranean Basin
and has spread to other grapevine-growing areas, such as
South Africa and California (Ben-Dov, 1994; Walton &





believed to be an Afrotropical species. It occurs in large
densities on perennial crops in the tropical and subtropical
zones, and on indoor ornamentals worldwide (Ben-Dov, 1994;
Franco et al., 2004b). Both mealybug species are biparental.

















acetate (PcA, namely, planococcyl acetate) (Figure 1A)









)-(+)-lavandulyl senecioate (LS) (Figure 1B) (Hinkens




showed that mealybugs reared in the laboratory under





lavandulyl isovalerate (LI) (Figure 1C) (Zada et al., 2003).
In both laboratory and field bioassays, feral males
responded only to LS, whereas laboratory-reared males
responded to both LS and LI (Zada et al., 2003). However,
it was recently discovered that, in some locations, feral
males are attracted to LI (Z Mendel, unpubl.).
The availability of the two mealybug sex pheromones has
presented new opportunities for mealybug management
through improved monitoring techniques and control
tactics, such as mass trapping, mating disruption, and
lure-and-kill (Franco et al., 2001, 2004a,b; Millar et al.,
2002, 2005; Walton et al., 2004, 2006; Zada et al., 2004). In
this respect, the kairomonal properties of sex pheromones
are worthy of study for their possible detrimental impact on
populations of natural enemies and potential application
in mealybug pest management (e.g., Powell & Pickett, 2003).
In the present study, we used two complementary
approaches, which involved pheromone traps in field trials
and olfactometer bioassays in the laboratory, to study













. The following questions
were addressed: (i) Is the female parasitoid attracted by the








? (ii) Does the plant
host habitat affect the attraction of the parasitoid to these
sex pheromones? and (iii) Does the mealybug species
from which the parasitoid female emerges affect her response






The parasitoids used in the olfactometer experiments
originated from specimens that had emerged from sweet




. They were collected in

























W), in the Algarve region, Portugal, and were





experiments. During this period, specimens collected
from the field were added at least twice, in order to refresh
the rearing. In the present study, the laboratory-tested
individuals and those trapped in orchards and vineyards












LS and LI, as well as PcA, were synthesized in the chemical
unit of the Department of Entomology, at the Volcani
Center (Agricultural Research Organization, Bet Dagan,
Figure 1 Chemical structure of (A) (+)-(1R,3R)-cis-2,2-
dimethyl-3-isopropenyl-cyclobutanemethanol acetate, 








Israel), according to Zada et al. (2003, 2004). All dispensers
were loaded with the pheromones in hexane solution. The





-pinene (Aldrich, Milwaukee, WI, USA)
that was used as the starting material, whereas the
chemical purity was 95%. Both LS and LI were racemic
and their chemical purity was 94 and 97%, respectively.
The unnatural stereoisomers of PcA and LS are benign,
neither inhibitors nor synergists, as with most scale insect
pheromones (Dunkelblum, 1999; Millar et al., 2002; Zada
et al., 2004); up to now, an antagonistic effect has only been
observed in the case of the pink hibiscus mealybug
pheromone (Zhang et al., 2006).
 








 to pheromone traps
 
The experiments were carried out in the Algarve region, in




























absent. American grey rubber septa (The West Co., Lititz,




g of the chemicals tested
(unless otherwise indicated). The pheromone doses were
selected according to previous experience (Franco et al.,
2001; Zada et al., 2003, 2004; Branco et al., 2006). We used
unbaited traps as controls. The lures were installed in traps




 15 cm) sticky plates of white alveolar
polypropylene. All traps were suspended in the tree canopy
or on the tutor wire that supported the vines, at a height
of 1.0–1.5 m, with the sticky surface facing south-east
(preliminary data suggested this trap location as optimal
for male mealybug capture with sticky plate traps;
JC Franco, unpubl.). The traps were distributed
approximately 20 m apart in a completely randomized
design with respect to position, with 10 replicates.
Although estimates of the attraction range of mealybug
pheromone traps suggest longer distances than 20 m (e.g.,
Millar et al., 2002; Branco et al., 2006), our experience
showed that this trap spacing was adequate to minimize
interference between traps. The data from individual traps
corresponded to the total captures obtained during the
exposure period. No saturation of traps with mealybug
males was observed.









 captures were obtained from field experiments that




 with pheromone traps (JC
Franco, EB Silva & Z Mendel, unpubl.). Trial 1 (2004) was
carried out in a fig orchard (cultivar Lampa branca and
cultivar Lampa preta) in Belmonte (Tavira), and in a vine-




 males to LS and LI was tested to study the response




 populations to both compounds in two









 were also deter-
mined. Zada et al. (2003) suggested that the production of




 culture might be attributed to
selective pressures induced by potato sprouts that favour
genotypes that produce both LS and LI. Therefore, we





with different host plants could show differing responses
to LI. The traps were left in the field for approximately
3 weeks, from 30 June to 23 July 2004. By mistake, no
control traps were installed in the vineyard experiment.
In Trial 2 (2005), we tested the effect of the pheromone
trap colour on captures of 
 
P. ficus males. The trial was
conducted in two vineyards (cultivar Cardinal) located in
Tavira and Silves. The captures of Anagyrus spec. nov. near
pseudococci in red, white, yellow, and blue traps, baited
with LS or unbaited, were compared. The traps were left in
the field for approximately 3 weeks, from 30 June to 20 July
2005.
A third set of experiments, Trial 3, was conducted in a
sweet orange orchard (cultivar Newhall), located in Silves.
Citrus species in Portugal are not colonized by P. ficus;
therefore, it was assumed that the Anagyrus spec. nov. near
pseudococci population found in this citrus orchard had
had no previous contact with P. ficus. The experiment was
conducted from 12–26 September 2006 with traps baited
with 200 µg of LS and PcA and with unbaited traps. The
objective of the experiment was to confirm the kairomonal
response of the parasitoid to LS, in a habitat free of P. ficus.
The captured individuals of the parasitoid were identified
under 10× magnification.
Indoor study of kairomonal response of females of Anagyrus spec. 
nov. near pseudococci in a static-air olfactometer
The Anagyrus spec. nov. near pseudococci females used in
the bioassays were reared on P. citri and P. ficus colonies
that had been reared on potato sprouts under controlled
conditions: 24.0 ± 0.5 °C, 52.0 ± 0.5% r.h., and L14:D10
photoperiod. The cultures were maintained at the facilities
of the Plant Protection Department, Faculty of Agronomy,
Technical University of Lisbon, Portugal.
The responses of parasitoid females to LS and PcA
were studied in a static-air olfactometer (Vet, 1983; van
Alphen & Jervis, 1996). The device consists of a row of three
chambers connected to each other by a single corridor.
Each female was released into the middle chamber and its
subsequent choice of one of the outer chambers containing
the test odour was recorded.
Two series of choice tests were carried out with para-
sitoid females aged less than 1 day. The females were fed with
honey and allowed to mate as they emerged, together with
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males, in rearing containers, before they were used in each
experiment. Mating was assumed to have occurred, based
on preliminary observations carried out under the same
conditions.
In the first series of tests, we used wasps that had been
reared on P. citri without previous contact with LS, or on
P. ficus, without previous contact with PcA. The former
wasps were allowed to choose between LS and a control
(Trial 4), and the latter between PcA and a control (Trial 5).
In the second series of tests (Trial 6), experienced wasps
reared on P. citri mealybugs, that had had previous contact
with PcA, were allowed to choose between PcA and a
control. The main objective was to test the hypothesis that
there was an innate response of the parasitoid in relation to
both LS (Trial 4) and PcA (Trial 5). Because olfactometer
tests are laborious, the second series of tests (Trial 6)
examined only the response to PcA of parasitoids reared
on P. citri, because PcA was the only compound to which
no kairomonal response was suggested in the first series
of tests. Therefore, in this trial, we tested the hypothesis
of parasitoid learning.
Every observation was repeated 30 times, with a differ-
ent wasp each time. American grey rubber septa loaded
with 200 µg of pheromone were used as the odour source
in one of the two external chambers of the olfactometer.
The olfactometer was washed with water and detergent
and then cleaned with hexane between replications. To
avoid possible visual or other extraneous effects in the
response of the parasitoid, we switched the position of the
pheromone dispenser between the two opposite olfacto-
meter chambers before each replication. The experiments
were conducted in the laboratory at 22.0 ± 0.5 °C and
49.0 ± 0.5% r.h.
Statistical analysis
The field trial results are presented as means ± SEM. We
compared the effects of treatments on parasitoid or
mealybug male capture by using one-way analysis of
variance (ANOVA), followed by the Student–Newman–
Keuls post hoc test. In Trial 1, an independent sample t-test
was employed to compare captures of parasitoid females.
As the assumption of equality of variances was not
guaranteed (Levene’s test), a logarithmic transformation
[ln (x + 0.5)] of the data was used, except for the data
relating to mealybug males in Trial 3, where a square
root transformation  gave better results. In the
olfactometer bioassays, the observed frequencies were
tested according to a binomial distribution, considering
as the null hypothesis that wasps would choose randomly
between treatment and control (p = q = 0.5, n = 30). All
analyses were performed with SPSS 13.0 for Windows
(SPSS Inc., Chicago, IL, USA).
Results
Evaluation of kairomonal response of Anagyrus spec. nov. near 
pseudococci by using pheromone traps
Trial 1. The mean numbers of parasitoids captured with
LS as bait were significantly higher than the numbers
captured in traps baited with LI, in both the fig orchard
(F2,27 = 23.6, P<0.001; Figure 2) and the vineyard
(t = 11.97, d.f. = 18, P<0.001; Figure 3); they were also
higher than the numbers captured in unbaited traps in
the fig orchard (Figure 2). No significant difference
(P>0.05) was observed in the fig orchard between the
numbers of wasps captured in the traps baited with LI and
in unbaited traps (Figure 2).
Trial 2. Significant numbers of wasps were attracted to
LS in traps of all tested colours, in both vineyards (Tavira:
F1,72 = 106.90, P<0.001; Silves: F1,72 = 193.96, P<0.001;
Figure 4). No significant interaction was found between
bait and trap colour (Tavira: F3,72 = 1.25, P = 0.30; Silves:
F3,72 = 1.5, P = 0.223; Figure 4).
Trial 3. The number of Anagyrus spec. nov. near
pseudococci females captured in traps baited with LS in the
citrus orchard in September 2006 was relatively high and
significantly higher than the numbers captured in traps
baited with PcA and in unbaited traps (F2,27 = 76.2,
P<0.001; Figure 5). No significant differences were found
between mean capture numbers in the last two treatments
x  .+ 0 5
Figure 2 Comparison of the mean numbers (+ SE) of Anagyrus 
spec. nov. near pseudococci females captured per sampling period 
in sticky traps baited with (S)-(+)-lavandulyl senecioate (LS) or 
with (S)-(+)-lavandulyl isovalerate (LI), and in control traps. 
The traps were suspended in a fig orchard in Belmonte (Algarve 
region, Portugal), from 30 June to 23 July 2004 (n = 10). Bars 
capped with the same letter are not significantly different 
(P = 0.05).
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(Figure 5). Very few P. citri males were captured in traps
baited with LS or in unbaited traps, with no significant
differences between these treatments, whereas high and
significant numbers of P. citri males were captured in
the PcA-baited traps (F2,27 = 91.0, P<0.001; Figure 5).
Anagyrus spec. nov. near pseudococci males were rarely
captured and, therefore, were not considered for
analysis.
Indoor study of kairomonal response of females of Anagyrus spec. 
nov. near pseudococci in static-air olfactometer
Trial 4. The number of positive responses to LS of
Anagyrus spec. nov. near pseudococci females reared on
P. citri mealybugs was significantly higher than that
expected if the parasitoid females had chosen randomly
between treatment and control, according to a binomial
distribution (p = q = 0.5, n = 30) (Figure 6).
Trials 5–6. The number of Anagyrus spec. nov. near
pseudococci females responding to PcA did not differ
significantly from the number responding to the no-bait
choice. This result was obtained both with parasitoids
reared on P. ficus (Trial 5) and with those reared on P. citri
(Trial 6) (Figure 6).
Discussion
The results of both field and olfactometer experiments
support the hypothesis that the females of Anagyrus spec.
nov. near pseudococci utilize LS, the sex pheromone of
P. ficus, as a kairomonal cue in host selection. These
findings are in accordance with the results reported by
Millar et al. (2002), who suggested that A. pseudococci
(most likely Anagyrus spec. nov. near pseudococci as well)
in California vineyards was attracted to the pheromone of
P. ficus. Our study further investigated this kairomonal
attraction by conducting both field and laboratory trials.
No kairomonal response was detected to PcA, the sex
pheromone of P. citri, which confirms the findings of
previous field studies (Suma et al., 2001) and electro-
antennography tests (Suma et al., 2004). The number
of captured Anagyrus spec. nov. near pseudococci was
relatively low, but the parasitoid responses were consistent
between the field and laboratory tests, suggesting that
LS has kairomonal activity. Further studies are needed to
Figure 3 Mean number (+ SE) of Anagyrus spec. nov. near 
pseudococci females captured per sampling period in sticky traps 
baited with (S)-(+)-lavandulyl senecioate (LS) or with (S)-(+)-
lavandulyl isovalerate (LI), suspended in a vineyard in Tavira 
(Algarve region, Portugal) from 30 June to 23 July 2004 (n = 10). 
Bars capped with the same letter are not significantly different 
(P = 0.05).
Figure 4 Mean number (+ SE) of Anagyrus spec. nov. near 
pseudococci females captured per sampling period in sticky traps 
of various colours baited with (S)-(+)-lavandulyl senecioate (LS), 
and in unbaited traps. The traps were activated from 30 June to 
20 July 2005 in two vineyards (Tavira and Silves, in the Algarve 
region, Portugal) (n = 10). For each colour, the number of 
captured wasps in the pheromone-baited traps differed significantly 
(P<0.05) from the number in the respective control traps.
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elucidate its eventual role in host location and to
determine if it enhances parasitization.
Our present results were similar in vineyards and in fig
and citrus orchards. In citrus orchards, the parasitoid
showed a clear response to LS in the experiment carried
out in September 2006. Planococcus ficus has not been
reported on citrus in Portugal, where P. citri is the most
frequent and abundant mealybug species in this habitat
(Franco & Marotta, 1999). This was demonstrated in our
study by the pattern of male mealybug captures obtained in
Trial 3 (Figure 5). As there were no typical P. ficus habitats
(e.g., fig plantations or vineyards) in the areas around
the study plot, which was mainly surrounded by other
citrus orchards, it was very unlikely that the captured
parasitoids had been attracted from outside the citrus
environment. Therefore, we may assume that the popula-
tion of Anagyrus spec. nov. near pseudococci in these
orchards had had no previous contact with P. ficus. Thus,
the kairomonal response of the parasitoid to LS seems to be
innate. This conclusion is supported by the results of the
olfactometer tests, in which naïve females of Anagyrus
spec. nov. near pseudococci reared on P. citri, and with no
previous experience of P. ficus and its pheromone,
responded to LS.
The differential response of Anagyrus spec. nov. near
pseudococci females to the sex pheromones of its two major
hosts, P. citri and P. ficus, suggests that the parasitoid has a
more intimate evolutionary relationship with P. ficus than
with P. citri. The area of origin of P. ficus is believed to be
the Mediterranean Basin (Cox & Ben-Dov, 1986; Ben-Dov,
1994; Islam & Copland, 2000), and it is suggested that
the same is true for Anagyrus spec. nov. near pseudococci.
The higher level of egg encapsulation when A. pseudococci
oviposits on P. citri than when it does so on P. ficus indicates
that this parasitoid exhibits a relatively low level of physio-
logical adaptation to P. citri (Blumberg et al., 1995). This
observation corroborates the hypothesis that this host–
parasitoid relationship evolved more recently. It was
suggested that P. citri might be native to South America
(Compere, 1939) or the Far East (Bartlett, 1978), but
recent findings concerning its principal parasitoid,
Leptomastix dactylopii Howard (Hymenoptera: Encyrtidae),
indicate that it may have spread from central Africa with
the slave trade (J Noyes, pers. comm.).
The finding that the kairomonal response of Anagyrus
spec. nov. near pseudococci females is an innate behaviour
trait is in accordance with the hypothesis of dietary special-
ization and use of semiochemicals by natural enemies in a
tritrophic context (Vet & Dicke, 1992): specialists at the
herbivore level and generalists at the plant level are
expected to present an innate response to host/prey
kairomones (Vet & Dicke, 1992). The innate response of
Anagyrus spec. nov. near pseudococci to LS matches this
expectation. In fact, Anagyrus spec. nov. near pseudococci is
a specialist parasitoid of mealybugs, but its potential hosts
include mealybug species that are polyphagous (Noyes,
2003; Triapitsyn et al., 2007).
We hypothesize that P. ficus was the primary host in the
region of origin of Anagyrus spec. nov. near pseudococci.
Figure 5 Mean number (+ SE) of Anagyrus spec. nov. near 
pseudococci females and Planococcus citri males captured per 
sampling period in sticky traps baited with (+)-(1R,3R)-cis-2,2-
dimethyl-3-isopropenyl-cyclobutanemethanol acetate (PcA) or 
(S)-(+)-lavandulyl senecioate (LS), and in control traps (C). The 
traps were activated from 12 to 26 September 2006 in a citrus 
orchard in Silves (Algarve region, Portugal) (n = 10). Within each 
species, bars capped with the same letter are not significantly 
different (P = 0.05).
Figure 6 Number of responses of Anagyrus spec. nov. near 
pseudococci females in dual-choice tests in a static-air 
olfactometer. Parasitoids reared on Planococcus citri or on 
Planococcus ficus were exposed to (+)-(1R,3R)-cis-2,2-dimethyl-
3-isopropenyl-cyclobutanemethanol acetate (PcA) or to (S)-(+)-
lavandulyl senecioate (LS). An * indicates that the observed 
frequency responses differed significantly (P<0.05) from those to 
be expected if the parasitoid females had chosen at random 
between treatments (n = 30).
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Other mealybug species, such as P. citri, occurred in the
host range of the parasitoid because of the expansion of the
geographic range of the parasitoid and/or the mealybugs
as a result of human activities. Anagyrus spec. nov. near
pseudococci has been reported in several countries on
different continents, including the USA, Spain, Italy,
Ukraine, Turkmenistan, and Israel (Triapitsyn et al., 2007).
The kairomonal response of Anagyrus spec. nov. near
pseudococci is specific only with respect to LS, the sex
pheromone of P. ficus. The wasp was not attracted to LI,
despite the close similarity between the structures of these
two molecules (Figure 1). It seems that differences between
the structures of the carboxylate moiety of the two molecules
(LS and LI) markedly affect their kairomonal attractiveness
to the parasitoid, in a similar way to that observed in relation
to feral males of P. ficus (Zada et al., 2003). However, besides
the positive response in relation to LI already reported in
mass-reared P. ficus males (Zada et al., 2003), recent findings
suggest the existence, in wild populations of P. ficus, of
male pherotypes that are also attracted to LI (Z Mendel,
unpubl.).
The conservation of the innate kaironomal response of
Anagyrus spec. nov. near pseudococci to the sex pheromone
of P. ficus may be attributed to the fact that changes
in responses to herbivore-derived semiochemicals are
relatively conservative in both an ontogenetic and an
evolutionary sense (Vet & Dicke, 1992). Pheromones are
reliable stimuli to carnivores because they are intimately
linked to the actual presence of an herbivore prey, as has
been documented for other carnivore species. For example,
the Madeira population of Hemerobius stigma Stephen,
a predator of the pine bast scale, Matsucoccus feytaudi
Ducasse (Homoptera; Matsucoccidae), retains an innate
kairomonal response to the sex pheromone of its prey,
despite the fact that M. feytaudi is not present on the island
(Branco et al., 2001). The possibility of carnivore species
evolving from monophagous ancestors was also hypothesized
to account for the innate use of semiochemicals by gener-
alist carnivores (see review by Steidle & van Loon, 2003).
In addition to the P. ficus pheromone, other mealybug
products, such as honeydew, are likely to be used by
Anagyrus spec. nov. near pseudococci as kairomonal cues in
host location. Anagyrus pseudococci was shown to respond
to honeydew excreted by P. citri (Islam & Jahan, 1993).
The kairomonal response of Anagyrus spec. nov. near
pseudococci to LS may impair the use of LS for pest man-
agement of P. ficus by mass trapping and lure-and-kill
tactics. This side-effect may be avoided by using pheromone
analogues that lack kairomonal activity but that still
preserve the pheromonal attractiveness to the males,
as was successfully accomplished for Matsucoccus species
(Mendel et al., 2003). Optimizing the devices used in these
experiments, for example, with regard to their design and
colour, can also minimize the negative impact on natural
enemies. Millar et al. (2002) suggested that delta traps
are better than the two-sided ‘red scale’ sticky card traps
for trapping P. ficus while simultaneously excluding
A. pseudococci. The results obtained by Walton et al. (2006)
with mating disruption suggest that the treatment had
no negative effect on the level of parasitization of P. ficus
by A. pseudococci. According to our present results, no signi-
ficant impact on the Anagyrus spec. nov. near pseudococci
populations is to be expected in the case of P. citri, as the
parasitoid showed no kairomonal response to PcA.
The kairomonal response of Anagyrus spec. nov. near
pseudococci could also be explored in connection with
biological control tactics, by enhancing parasitization of
P. citri as a component of integrated pest management
strategies, by means of a similar approach to that used
against aphid pests (Powell & Pickett, 2003). We are doing
field tests in order to determine whether the parasitization
efficiency of Anagyrus spec. nov. near pseudococci can be
enhanced by using LS as an attractant in citrus orchards
infested with P. citri.
In the present study, all the observed parasitoid females
matched the description of Anagyrus spec. nov. near
pseudococci (sensu Triapitsyn et al., 2007). Further studies
are needed to confirm that these two sibling species, namely,
A. pseudococci and Anagyrus spec. nov. near pseudococci
(Triapitsyn et al., 2007), are distinguishable according to
the kairomonal responses to their host sex pheromone.
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